In this article, the problem of nonlinear equations arising in fin problem
Introduction
The heat transfer rate enhancement in fins with reducing size and cost is the aim of many researchers in engineering applications. To achieve this goals, convective heat transfer coefficient, surface area available and temperature difference between surface and surrounding fluid are such as ways can be used. Most of problems and scientific phenomenon such as heat transfer are inherently of nonlinearity. In most cases, these problems do not admit analytical solution, so these equations should be solved using special techniques. In recent years, much attention has been devoted to the newly developed methods to construct an analytic solution of equation; such as method include the Perturbation techniques. Perturbation techniques are too strongly dependent upon the so-called ''small parameters'' [1] . Other many different methods have introduced to solve nonlinear equation such as the δ-expansion method [2] , Adomian's decomposition method [3] , Homotopy Perturbation Method (HPM) [4] [5] [6] [7] [8] [9] [10] , Variational Iteration Method (VIM) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , Homotopy analysis method [21] [22] [23] [24] [25] [26] [27] , Optimal Homotopy Asymptopic Method (OHAM) [28, 29] and optimal Homotopy Perturbation Method (OHPM) [30] .In this letter, analytical solution of nonlinear equations arising in fin problem for nucleate boiling has been studied by three analytical method. 
Governing equations
The example to be studied is a straight one-dimensional fin with a constant cross-sectional 2 for nucleate boiling, 3 for radiation and 0 constant for heat transfer coefficient. In Eq. (1), k is the thermal conductivity and in many engineering applications it may be assumed to be a linear function of temperature:
where a k is the thermal conductivity of the fin at the ambient temperature and  is the parameter describing the dependence on the temperature. By introducing the following dimensionless variables :
the energy equation becomes:
which is subject to:
The heat balance equation (5) can be rewritten as
Application of Homotopy Analysis Method
For HAM solutions, we choose the initial guess and auxiliary linear operator in the following form: 
When p increases from 0 to 1 then ( ; )
. By Taylor's theorem and using eq. (26), ( ; ) Xp  can be expanded in a power series of p as follows:
In which is chosen in such a way that this series is convergent at 1 p  , therefore we have through eq. (27) that
mth -order deformation equations
(1; ) 0; (0; ) 0 pp
Now we determine the convergency of the result, the differential equation, and the auxiliary function according to the solution expression. So let us assume:
We have found the answer by maple analytic solution device. For three deformation of the solution are presented below   
The solutions () X  were too long to be mentioned here, therefore, they are shown graphically
Application of Variational Iteration Method
First we construct a correction functional which reads
  (24) where  is general Lagrange multiplier. Making the above correction functional stationary, we can obtain following stationary conditions
The Lagrange multiplier, therefore, can be identified as
As a result, we obtain the following iteration formula
  (27) Now we start with an arbitrary initial approximation that satisfies the initial condition
Using the above variational formula (27) 
Application of Homotopy Perturbation Method
In this section, we employ HPM to solve eq. (7 ) subject to boundary conditions eq.(6).We can construct Homotopy function of eq. (7) as described in [2] : 
Note that when p increases from 0 to 1, In this study, the problem of nonlinear equations arising in fin problem for nucleate boiling was analyzed using HAM. By the drawing of 2-D fig. 3 to 6 , of numerical solution, HPM, VIM and HAM solution for () X  with different values of M and  , we see that the Homotopy Analysis Method is more accurate than other methods. According to fig. 3 to 6, this method provides highly accurate analytic solutions for nonlinear problems in comparison with VIM, HPM and numerical solution. The comparison of the method reveals that the approximations obtained by HAM converge to the exact solution quite fast. Also, The auxiliary parameter provides us with a convenient way to adjust and control the convergence and its rate for the solutions series. Finally, it has been attempted to show the capabilities and wide-range applications of the Homotopy Analysis Method in comparison with the numerical solution of nonlinear equations arising in fin problem for nucleate boiling.
